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THE  RETENSION  OF  DIATOMACEOUS  EARTHS  AND  SILICA 
AEROGELS  ON  SHELLED  CORN,  HARD  WINTER  WHEAT, 

AND  SORGHUM  GRAIN 

Delmon  W.  La  Hue1 
SUMMARY 


A  laboratory  study  was  conducted  to  determine  the 
retention  of  two  diatomaceous  earths,  Perma-Guard 
and  Kenite  2-1,  and  two  silica  aerogels,  SG-68  and 
Cab-O-Sil,  applied  as  protectants  against  insect 
attack  on  shelled  corn,  hard  winter  wheat,  and 
sorghum  grain.  The  diatomaceous  earths  were 
applied  at  rates  of  4,  7,  and  10  pounds  per  ton  of 
grain,  and  the  silica  aerogels  at  rates  of  1.0,  1.5,  and 
2.0  pounds.  The  addition  of  the  dusts  did  not 
materially  alter  the  moisture  content  of  the  grains. 

The  retention  of  the  diatomaceous  earth  dusts, 
Perma-Guard  and  Kenite  2-1,  on  hard  winter  wheat 
and    sorghum    grain    was   more   or   less   constant 


regardless  of  dosage;  however,  the  percentage 
retained  on  shelled  corn  decreased  as  the  dosage  was 
increased.  The  retention  of  the  Kenite  2-1  dusts  on  all 
three  grains  was  superior  to  that  of  Perma-Guard.  At 
dosages  used,  the  adherence  of  the  silica  aerogels  to 
shelled  corn  was  greater  than  that  of  the 
diatomaceous  earths;  but,  the  retention  of  the 
diatomaceous  earth,  Kenite  2-1,  was  greater  than  the 
silica  aerogels  on  sorghum  grain. 

The  nestling  and  settling  qualities  of  all  three  grains 
were  adversely  affected,  but  not  to  the  same  degree 
by  the  addition  of  the  dusts. 


BACKGROUND  AND  OBJECTIVES 


Scientists  in  all  fields  of  biological  research  have 
expressed  concern  about  contamination  of  our  food 
and  food  products  by  chemical  residues.  Toxic- 
chemical  methods  are  needed  to  control  insect 
infestations  in  grain  until  other  methods  equal  to  or 
better  than  these  are  found.  The  recognition  of  the 
many  complex  residue  and  environmental  pollution 
problems  resulting  from  the  use  of  persistent  broad- 
spectrum  insecticides  has  directed  our  attention  to 
biological  controls,  lures,  improved  handling  and 
transportation  procedures,  cultural  controls,  resis- 
tant varieties  of  plants  and  nonpoisonous  or 
chemically  inert  insecticidal  materials.  The  pooling  of 
our  knowledge  and  experience  in  the  approach  to 
new  studies,  as  well  as  in  the  reactivation  of  latent 
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research,  is  prerequisite  to  development  of  nontoxic 
insect  control  methods. 

Much  research  work  has  been  conducted  with  inert 
materials  for  the  control  of  insects  in  stored  grain. 
Chiu  (/)  found  that  rice  weevils  (Sitophilus  oryzae 
(L.))  and  granary  weevils  (5.  granarius  (L.))  were 
killed  when  dusted  with  amorphous  silica.2  Cotton 
and  Frankenfeld  (2)  reported  that  a  silica  aerogel 
(Santocel  C)  was  effective  against  adults  of  confused 
flour  beetles  (Tribolium  confusum  Jacquelin  duVal), 
rice  weevils,  granary  weevils,  and  larvae  of  confused 
flour  beetles  and  Mediterranean  flour  moths 
(Anagasta  kuehniella  (Zeller))  on  12-percent- 
moisture  seed  wheat.  King,  Morrison,  and  Sundman 
(4)  obtained  satisfactory  control  of  rice  weevils  on 
sorghum  grain  with  a  0.05  percent  application  (1 
pound  per  ton)  of  the  silica  aerogel  SG-68.  Strong 


italicized  numbers  in  parentheses  refer  to  Literature  cited, 
page  8. 


and  Sbur  (7)  found  that  wheat  seed  treated  with  a 
diatomaceous  earth,  Dicalite  IG  3,  at  rates  of  4, 6,  and 
8  pounds  per  ton  showed  no  evidence  of  insect  injury 
in  comparison  with  the  heavily  damaged  untreated 
check  lots  in  studies  with  sawtoothed  grain  beetles 
(Oryzaephilus  surinamensis  (L.)),  flat  grain  beetles 
(Cryptolestes  pusillus  (Schoenherr)),  confused  flour 
beetles,  rice  weevils,  granary  weevils,  and  lesser  grain 
borers  (Rhyzopertha  dominica  (¥.)).  Untreated  con- 
trol samples  were  completely  riddled  6  months  after 
the  initial  exposure.  Only  the  8-pound-per-ton  appli- 
cation appeared  to  be  effective  against  the  lesser  grain 
borer  for  longer  than  9  months.  La  Hue  and  Fifield 
(5)  evaluated  two  diatomaceous  earths,  Perma- 
Guard  and  Kenite  2-1,  and  two  silica  aerogels,  SG-68 
and  Cab-O-Sil,  as  protectants  on  wheat  against  insect 
infestation  in  small-bin  studies.  Both  diatomaceous 
earth  dusts  at  dosages  of  120,  210,  and  300  pounds  per 
1,000  bushels  afforded  protection  in  proportion  to 
dosage,  and  were  superior  to  the  standard  applica- 
tion   of    1.0    pint    of    premium-grade    57-percent 


malathion  emulsifiable  concentrate  per  1 ,000  bushels 
during  a  1 5-month  storage  study.  The  two  silica  aero- 
gels at  dosages  of  15,  30,  and  45  pounds  per  1,000 
bushels  gave  unsatisfactory  protection,  although 
results  from  the  45-pound  dosage  indicated  that  the 
silica  aerogels  might  be  effective  at  higher  dosages. 
Quinlan  and  Berndt  (6)  stated  that  during  field 
applications  of  diatomaceous  earth  and  silica  aerogel 
dusts  to  shelled  corn,,  breathing  masks  were 
necessary  in  the  dust-filled  air  surrounding  the  treat- 
ment area. 

The  primary  objectives  of  this  study  were  (1)  to 
determine  the  amounts  of  the  inert  dusts  retained  by 
three  grains  and  the  "free"  (nonadhering)  dust  in  the 
grain  mass  after  application  of  scalar  dosages  of  two 
diatomaceous  earths,  Perma-Guard  and  Kenite  2-1, 
and  of  two  silica  aerogels,  SG-68  and  Cab-O-Sil,  (2) 
to  determine  the  effect  on  moisture  content  of  the  dif- 
ferent grains  of  the  application  of  the  dusts,  and  (3)  to 
determine  the  effects  of  the  inert  dusts  on  settling  and 
nestling  qualities  of  grains. 


MATERIALS  AND  METHODS 


A  composited  lot  of  1 1.47-percent-moisture 
shelled  corn  and  lots  of  10.65-percent-moisture  Scout 
variety  hard  winter  wheat  and  1 1.17-percent- 
moisture  Taylor-Evans  66  sorghum  grain  were 
passed  through  a  small  laboratory  shaker  and  fan- 
type  cleaner  to  obtain  clean  grain  of  more  or  less  uni- 
form kernel  size.  After  this  cleaning,  2.34  percent  of 
the  corn,  1.78  percent  of  the  wheat,  and  3.43  percent 
of  the  sorghum  grain  kernels  were  found  to  be 
mechanically  damaged  or  cracked. 

After  the  cleaning  procedures,  distilled  water  was 
added  to  temper  the  grain  to  about  12.50  percent 
moisture.  The  grain  was  allowed  to  come  to 
equilibrium  in  sealed  1 -gallon  glass  jars  for  more  than 
3  weeks  at  80°  F.  before  final  moisture  determina- 
tions were  made.  Sufficient  jars  of  corn  containing 
12.40  ±0.10  percent  moisture,  and  of  wheat  and 
sorghum  grain  containing  12.50±  0. 15  percent  mois- 
ture were  available  for  the  tests. 

On  a  2,000-gram  basis,  the  dosage  rates  were  4,  7, 
and  10  grams  for  the  diatomaceous  earths,  and  1.0, 
1.5,  and  2.0  grams  for  the  silica  aerogels.  All 
treatments  were  replicated  10  times.  Five  of  the 
replicates  were  used  24  hours  after  treatment,  and  five 
were  held  for  the  6-month  examinations.  All  dusts 
were  weighed  to  an  accuracy  of  ±  0.001  gram  on  a 
DWL  #2  torsion  balance. 

For  application,  the  grain  and  added  dusts  were 


hand-shaken  for  1 5  seconds  before  being  placed  on 
an  end-over-end  wheel  mixer  set  to  turn  at  35  r.p.m. 
for  5  minutes.  Twenty-four  hours  after  being  mixed, 
designated  samples  were  sifted  under  cover  for  15 
seconds  over  a  10-meshscreenona  Rotomatic  shaker 
to  remove  the  free  dusts.  The  siftings  were  shaken 
over  a  25-mesh  screen  to  remove  any  coarse  siftings 
from  the  fine  inert  dust  materials,  which  were  imme- 
diately weighed.  Moisture  determinations  and  set- 
tling qualities  were  determined  after  removal  of  the 
free  dusts.  The  remaining  samples  were  held  at  80°  F. 
in  covered  1 -gallon  glass  jars  for  6  months  before 
being  sifted. 

Utmost  care  was  taken  in  retrieving  the  free  dust  to 
insure  that  a  minimum  of  the  dust  adhering  to  the 
kernels  would  be  lost  by  abrasion  through  contact 
among   the   kernels   during   the   retrieval   process. 

Johnson  and  Kozak  (J)  reported  a  method  for 
correcting  the  effect  of  a  diatomaceous  earth  (Perma- 
Guard)  on  moisture  content  of  wheat  as  determined 
by  capacitance  measurements  with  the  Motomco 
Moisture  Meter.  They  stated  that  the  apparent 
decrease  in  moisture  content  as  measured  by  the 
Motomco  could  be  compensated  for  by  increasing 
the  sample  size  by  definite  amounts  of  grain.  Our 
original  studies,  made  with  a  diatomaceous  earth, 
Dicalite  IG  3,  and  a  silica  aerogel,  Santocel  C, 
indicated  that  different  250-gram  lots  of  shelled  corn 


and  hard  winter  wheat  varied  in  volume  before  treat- 
ment. Furthermore,  it  was  found  that  different 
dosages  caused  slight  changes  in  volume,  and 
variations  in  moisture-meter  readings  were  observed. 
In  the  study  reported  here,  adjustments  were  made 
for  each  treatment  lot  of  each  grain.  Sample  mois- 
ture determinations  were  made  on  a  Steinlite  5 1 2  RC 
Moisture  Tester  immediately  before  treatment,  24 
hours  later  (after  screening),  and  again  after  the  6 
months'  storage. 

Extra  lots  of  each  grain  treated  with  the  different 
dosages  of  each  inert  material  were  used  to  determine 
the  amounts  of  treated  grain  to  be  added  to  the  250- 
gram  samples  used  in  making  moisture  determina- 
tions 24  hours  and  6  months  after  treatment.  Meter 
readings     were     taken     on     250-gram     samples 


immediately  before  treatment  and  again  after 
screening.  Treated  grain  was  then  added  to  250-gram 
samples  of  treated  grain  to  bring  the  meter  readings 
up  to  the  readings  registered  before  treatment.  The 
samples  were  weighed  and  the  weights  recorded.  The 
adjusted  moisture  sample  weights  were  then  used  in 
the  24-hour  and  6-month  moisture  determinations. 
Moisture  content  determinations  by  an  air-oven 
study  previously  made  with  diatomite-  and  silica 
aerogel-treated  grain  substantiated  Steinlite 
determinations  made  by  the  adjusted  procedure. 

Determinations  were  made  of  the  volume  occupied 
by  weighed  lots  of  the  three  grains  before  treatment 
and  after  a  3-day  settling  period  following  removal  of 
the  free  dusts. 


RESULTS 


The  average  amounts  of  free  dusts  (dusts  not 
adhering  to  the  grain)  that  were  recovered  by  sieving 
treated  shelled  corn  are  shown  in  table  1 .  The 
recoveries  made  24  hours  after  treatment  were 
slightly  greater  than  those  made  after  6  months' 
storage.  Recoveries  of  Perma-Guard  dusts  were 
considerably  greater  than  those  of  Kenite  2-1.  More 
Cab-O-Sil  than  SG-68  was  retained  on  the  corn 
kernels. 

The  amounts  of  free  dusts  recovered  from  treated 
wheat,  shown  in  table  2,  were  not  as  great  as  the 
amounts  recovered  from  shelled  corn.  Retention  of 
Kenite  2-1  by  the  wheat  kernels  was  much  better  than 
of  Perma-Guard.  Differences  between  SG-68  and 
Cab-O-Sil  dust  recoveries  were  not  nearly  as  great  as 
those  shown  in  the  studies  with  corn. 

Amounts  of  dust  recovered  from  treated  sorghum 
grain,  shown  in  table  3,  were  greater  than  the 
amounts  recovered  from  wheat  (table  2)  except  for 
the  7-  and  10-pound  applications  of  Kenite  2-1.  There 
was  very  little  difference  between  the  recoveries  made 
24  hours  after  treatment  and  those  after  6  months' 
storage.  The  moisture  content  of  all  three  grains  was 
generally  unaffected  by  the  dust  material,  dosage, 
and  length  of  storage. 

Dusts  remaining  on  the  three  grains  after  removal 
of  the  free  dusts  are  shown  in  table  4  as  percentages  of 
the  original  application.  The  retention  of  Kenite  2-1 
on  all  grains  was  much  greater  than  of  Perma-Guard. 
The  Perma-Guard  or  Kenite  2-1  remaining  on  wheat 
and  sorghum  grain  was  more  or  less  constant  regard- 
less of  dosage.  At  the  dosages  used  in  the  study. 


decreases  are  evident  in  the  percent  retention  of  both 
diatomaceous  dusts  on  shelled  corn  with  increase  in 
dosage  in  contrast  to  the  increases  with  dosage  shown 
by  the  silica  aerogels. 

Wheat  retained  the  highest  percentage  of  the  silica 
aerogel  dusts  applied,  and  only  small  differences  were 
found  between  the  amounts  of  SG-68  and  Cab-O-Sil 
present. 

Other  studies  with  composited  lots  and  different 
varieties  of  all  three  grains  have  shown  that  retention 
of  different  inert  dusts  varied  somewhat,  but  in 
general,  the  results  have  been  comparable  with  the 
findings  reported  here.  Variations  have  also  been 
noted  in  other  studies  of  the  retention  of  dusts  by 
grain  containing  different  levels  of  moisture. 

Changes  in  volume  of  the  three  grains  due  to  the 
addition  of  the  dusts  are  shown  in  table  5.  The  set- 
tling and  nestling  qualities  of  corn  were  affected  to  a 
much  greater  degree  than  those  of  wheat  and 
sorghum.  The  average  kernel  weight  of  corn  was 
0.32452  gram,  of  wheat  0.03211  gram,  and  of 
sorghum  0.02861  gram  before  the  dusts  were  applied. 
After  treatment  with  the  largest  dosage  of  each  inert 
material  and  removal  of  dusts  not  adhering  to  the 
kernels,  the  average  weight  of  corn  kernels  treated 
with  Perma-Guard  was  0.32542  gram;  with  Kenite  2- 
I,  0.32564  gram;  with  SG-68,  0.32478;  and  with  Cab- 
O-Sil,  0.32481  gram.  Before  treatment  the  2,000- 
gram  samples  of  corn  occupied  2,871  cubic  centi- 
meters space,  wheat  2,547.5  cubic  centimeters,  and 
sorghum  2,71 1.0  cubic  centimeters. 


Table  l.-Free  dusts  recovered  from  shelled  corn  after  treatment  with  inert  dust  insecticidal  materials, 

and  grain-moisture  contents 


Treatment  and  dosage 
per  2,000  grams 


Dust  recoveries 


24  hours  after 
treatment 


6  months  after 
treatment 


Moisture1 


Immediately 
before  treatment 


24  hours  after 
treatment2 


6  months  after 
treatment2 


Grams 


Perma-Guard: 
4.0  grams 
7.0  grams 
10.0  grams  . .  . 

Kenite  2-1: 
4.0  grams 
7.0  grams 
10.0  grams   .  .  . 

SG-68: 

1.0  grams 
1.5  grams 
2.0  grams 

Cab-O-Sil: 
1.0  grams 
1.5  grams 
2.0  grams 

Untreated  check 


.036 


Grams 


.043 


Percent 


12.41 


Percent 


12.45 


Percent 


1.085 

1.041 

12.46 

12.40 

12.35 

2.640 

2.490 

12.46 

12.40 

12.40 

4.337 

4.115 

12.41 

12.35 

12.30 

.706 

.705 

12.46 

12.40 

12.40 

1.437 

1.435 

12.41 

12.35 

12.30 

2.900 

2.880 

12.36 

12.30 

12.30 

.201 

.197 

12.44 

12.35 

12.45 

.231 

.226 

12.39 

12.35 

12.35 

.317 

.311 

12.39 

12.35 

12.30 

.149 

.144 

12.42 

12.40 

12.35 

.159 

.151 

12.42 

12.40 

12.40 

.186 

.179 

12.37 

12.30 

12.30 

12.40 


1  Based  on  meter-temperature-weight  readings  made  directly  before  and  immediately  after  treatment.  2  After  screening  to 
remove  free  dusts. 


Table  2. -Free  dusts  recovered  from  wheat  after  treatment  with  inert  dust  insecticidal  materials, 

and  grain-moisture  contents 


Treatment  and  dosage 
per  2,000  grams 


Dust  recoveries 


24  hours  after 
treatment 


6  months  after 
treatment 


Moisture1 


Immediately 
before  treatment 


24  hours  after 
treatment2 


6  months  after 
treatment2 


Grams 


Perma-Guard: 
4.0  grams   .  .  . 
7.0  grams   .  .  . 
10.0  grams   .  . 

Kenite  2-1: 
4.0  grams   .  .  . 
7.0  grams   .  .  . 
10.0  grams   .  . 

SG-68: 

1.0  grams  .  .  . 

1.5  grams  .  .  . 

2.0  grams  .  .  . 

Cab-O-Sil: 

1.0  grams  .  .  . 

1.5  grams  .  .  . 

2.0  grams  .  .  . 

Untreated  check 


.026 


Grams 


.031 


Percent 


12.55 


Percent 


12.60 


Percent 


1.005 

1.011 

12.62 

12.62 

12.50 

1.872 

1.874 

12.62 

12.57 

12.52 

2.570 

2.563 

12.62 

12.57 

12.45 

.296 

.303 

12.60 

12.62 

12.50 

.579 

.581 

12.55 

12.47 

12.40 

.879 

.871 

12.50 

12.47 

12.40 

.097 

.110 

12.62 

12.57 

12.45 

.137 

.133 

12.57 

12.57 

12.50 

.148 

.147 

12.57 

12.52 

12.40 

.094 

.094 

12.54 

12.47 

12.47 

.109 

.116 

12.59 

12.52 

12.47 

.125 

.124 

12.54 

12.42 

12.42 

12.50 


1  Based  on  meter-temperature-weight  readings  made  directly  before  and  immediately  after  treatment.  2  After  screening  to 
remove  free  dusts. 


Table  3. -Free  dusts  recovered  from  sorghum  grain  after  treatment  with  inert  dust  insecticical  materials, 

and  grain-moisture  contents 


Treatment  and  dosage 
per  2,000  grams 


Dust  recoveries 


24  hours  after 
treatment 


6  months  after 
treatment 


Moisture1 


Immediately 
before  treatment 


24  hours  after 
treatment2 


6  months  after 
treatment2 


Grams 


Perma-Guard: 
4.0  grams 
7.0  grams 
10.0  grams   .  . 

Kenite  2-1: 
4.0  grams 
7.0  grams   .  .  . 
10.0  grams   .  . 

SG-68: 

1.0  grams  .  .  . 

1.5  grams  .  .  . 

2.0  grams  .  .  . 

Cab-O-Sil: 

1.0  grams  .  .  . 

1.5  grams  .  .  . 

2.0  grams  .  .  . 

Untreated  check 


.027 


Grams 


.033 


Percent 


12.52 


Percent 


12.57 


Percent 


1.053 

1.046 

12.62 

12.60 

12.45 

2.004 

1.997 

12.62 

12.55 

12.45 

2.633 

2.628 

12.62 

12.55 

12.45 

.317 

.311 

12.62 

12.60 

12.50 

.457 

.460 

12.62 

12.55 

12.40 

.563 

.561 

12.57 

12.55 

12.40 

.130 

.133 

12.57 

12.60 

12.45 

.174 

.171 

12.62 

12.55 

12.45 

.219 

.212 

12.62 

12.55 

12.40 

.131 

.126 

12.57 

12.55 

12.45 

.167 

.166 

12.57 

12.55 

12.40 

.207 

.204 

12.62 

12.55 

12.40 

12.50 


'Based  on   meter-temperature-weight   readings   made  directly  before  and  immediately  after  treatment.  2 After  screening  to 
remove  free  dust's. 


Table  4. -Summary  of  dust  adherance  to  shelled  corn,  wheat,  and  sorghum  grain 


Treatment  and  dosage 
per  2,000  grams 


Amount  retained  on  grains 


Corn 


24  hours  after 
treatment 


6  months  after 
treatment 


Wheat 


24  hours  after 
treatment 


6  months  after 
treatment 


Sorghum  grain 


24  hours  after 
treatment 


6  months  after 
treatment 


Percent 


Perma-Guard: 
4.0  grams  . 
7.0  grams  . 
10.0  grams 

Kenite  2-1: 
4.0  grams   . 
7.0  grams   . 
10.0  grams 

SG-68: 

1.0  grams  . 

1.5  grams  . 

2.0  grams  . 

Cab-O-Sil: 

1.0  grams  . 

1.5  grams  . 

2.0  grams  . 


Percent 


Percent 


Percent 


Percent 


Percent 


72.88 

73.98 

74.88 

74.73 

73.68 

73.85 

62.63 

64.43 

73.26 

73.23 

71.37 

71.47 

56.63 

58.85 

74.30 

74.37 

73.67 

73.72 

82.35 

82.38 

92.60 

92.43 

92.08 

92.23 

79.47 

79.50 

91.73 

91.70 

93.47 

93.42 

71.00 

71.20 

91.21 

91.29 

94.37 

94.39 

79.90 

80.30 

90.30 

89.00 

87.00 

86.70 

84.60 

84.93 

90.87 

91.13 

88.40 

88.60 

84.15 

84.45 

92.65 

92.65 

89.05 

89.40 

85.10 

85.60 

90.60 

90.60 

86.90 

87.40 

89.40 

89.93 

92.73 

92.27 

88.87 

88.93 

90.70 

91.05 

93.75 

93.80 

89.67 

89.80 

Table  5.— Increase  in  the  volume  occupied  by  corn,  wheat, 
and  sorghum  grain  after  the  application  of  inert  dusts 


Treatment  and 
dosage  per 
2,000  grams 

Additional  volume  occupied 
after  treatment 

Corn 

Wheat 

Sorghum 

Perma-Guard 
4.0  grams   

10.0  grams    

Kenite  2-1: 

4.0  grams    

7.0  grams    ...... 

10.0  grams    

SG-68 

Cab-OSU: 

1.0  grams    

1.5  grams   

Percent          Percent          Percent 

12.39               6.22                2.54 
12.53               6.39                2.65 
12.74               6.66                2.90 

12.22               7.40                2.65 

12.46  7.81                2.85 
12.56               8.14                3.35 

10.97               8.04                 2.75 
12.36               8.26                2.79 
12.96               8.59                2.90 

10.90               8.11                2.79 
12.33               8.91                2.90 

13.47  10.08               3.12 

CONCLUSIONS 


From  an  objective  evaluation  of  the  retention  of 
two  diatomaceous-earth  and  two  silica-aerogel  dusts 
on  shelled  corn,  hard  winter  wheat,  and  sorghum 
grains,  the  following  conclusions  were  drawn: 

1.  The  percent  of  both  diatomaceous-earth  dusts 
retained  on  the  shelled  corn  decreased  as  the 
dosage  was  increased. 

2.  The  adherence  of  the  Perma-Guard  and  Kenite 
2-1  dusts  to  corn  was  considerably  less  than 
to  wheat  and  sorghum  grain. 

3.  The  retention  of  Kenite  2-1  dust  was  superior 
to   that  of  Perma-Guard  on  all  three  grains. 

4.  The  retention  of  Perma-Guard  and  Kenite  2-1 
dusts  by  wheat  and  sorghum  grain  was  more 
or  less  constant  regardless  of  dosage. 

5.  Recoveries  of  Kenite  2-1  dusts  not  adhering 
to  wheat  and  sorghum  grain  were  less  than 
9.0  percent  of  the  total  applied.  Larger 
recoveries   were   recorded   from   shelled   corn. 

6.  More   than   25   percent   of  the   Perma-Guard 


applied  to  wheat  and  sorghum  grain  was 
recovered  as  free  dust,  and  larger  recov- 
eries were  recorded  from  shelled  corn. 

7.  At  dosages  applied,  the  percent  retention  of 
the  silica  aerogels  on  corn  was  greater  than 
that  of  the  diatomaceous  earth  dusts. 

8.  About  equal  amounts  of  the  dusts  were  found 
free  of  the  grains  whether  the  dust  was 
measured  at  24  hours  after  treatment  or 
after  6  months'  storage.  This  was  true  for  each 
of  the  dusts. 

9.  The  addition  of  the  dusts  did  not  change 
the  moisture  content  of  the  grain. 

10.  Changes  in  grain-moisture  content  were  not 
significant  during  the  6-month  storage 
period. 

11.  The  addition  and  mixing  of  the  dusts  with  all 
three  grains  effected  changes  in  nestling  and 
settling  qualities,  consequently  more  volume  was 
needed  for  storage.  Corn  was  affected  to  a  much 
greater  degree  than  wheat  and  sorghum. 
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